Mixed monotone operator is an important nonlinear operator. It exists extensively in the research of nonlinear differential and integral equations. Generally, the research of mixed monotone operators in partially ordered Banach spaces requires compactness, continuity or concavity-convexity of the operators. In this paper, without any compact and continuous assumption, we obtain some new existence and uniqueness theorems of positive fixed point of e-concave-convex mixed monotone operators in Banach spaces partially ordered by a cone, which extends the existing corresponding results.
Introduction
Mixed monotone operators were introduced by Dajun Guo and V. Lakshmikantham in [1] in 1987. Thereafter, many authors have investigated these kinds of operators in Banach spaces and obtained a lot of interesting and important results. They are used extensively in nonlinear differential and integral equations. In this paper, without any compact and continuous assumption, we obtained some new existence and uniqueness theorems of positive fixed point of e-concave-convex mixed monotone operators in Banach spaces partially ordered by a cone.
Let the real Banach space E be partially ordered by a cone P of E , i.e., x y ≤ iff y x P − ∈ . : A P P P × → is said to be a mixed monotone operator if ( ) λ > . If P°≠ ∅ and e P°∈ , it is clear that e P P°= . All the concepts discussed above can be found in [2] [3] [4] . For more facts about mixed monotone operators and other related concepts, the reader could refer to [5] [6] [7] and some of the reference therein.
Main Results
In this section, we present our main results. To begin with, we give the definition of e-concave-convex operators. 
hold, where 
Proof. We divide the proof into 3 steps.
Step 1. We prove A has a fixed point in e P . Construct successively the sequences
It follows from ( ) 1 H and the mixed monotonicity of A that Since P is normal, we have
Here N is the normality constant. Let n → +∞ , we get ( )
That is, x * is a fixed point of A in e P .
Step 2. We prove that x * is the unique fixed point of A in e P . In fact, suppose x is another fixed point of A in e P . Since 
, . 
. It follows from (2.11), (2.12) and (2.13) that ( ) ( )
, which is a contradiction. That is lim 1
From (2.9) and (2.11), we have
By using the normality of P , we know that (2.2) holds.
Concerned Remarks and Corollaries
Using Theorem 2.1, we have the following corollaries. Corollary 3.1. Let P be a normal cone of E, and let : e e e A P P P × → be a mixed monotone and e-concaveconvex operator. In addition, suppose that there exist 0 0 n n x x y x n − → − → →∞ Corollary 3.5. Let P be a normal cone of E , and let : e e e A P P P × → be a mixed monotone operator with
